justed models (age, sex, race-center, education, cigaretteyears). Compared with poor physical activity, the adjusted HR (95% CI) for ideal physical activity were 0.78 (0.62-0.97) for total, 0.76 (0.59-0.96) for total ischemic, 0.85 (0.51-1.40) for lacunar, 0.77 (0.47-1.27) for cardioembolic, and 0.71 (0.51-0.99) for nonlacunar stroke. Additional adjustments for waist-to-hip ratio, systolic blood pressure, antihypertensive medication, diabetes, left ventricular hypertrophy and laboratory parameters attenuated the HR. Further sex-and racespecific analyses revealed that the association was predominantly observed among males and among African-Americans. Conclusion: These data suggest a tendency toward a reduced risk of total, total ischemic, and nonlacunar stroke with higher levels of physical activity.
approximately 795,000 new or recurrent stroke events occur in the United States [1] . A number of modifiable risk factors have been linked to an increased risk of stroke, including high blood pressure, cigarette smoking, and physical inactivity [1, 2] . To date, empirical data on whether physical activity helps in reducing stroke risk have yielded mixed results. Even though several metaanalyses [3] [4] [5] and other studies [6] [7] [8] [9] generally found evidence of some protective effect of physical activity in the prevention of stroke, other studies did not [10, 11] .
Studies examining the association of physical activity with stroke subtypes may refine our understanding of its potential in modifying stroke risk. Little information is available, however, on the association between ischemic stroke subtypes (lacunar, cardioembolic, nonlacunar thrombotic) and physical activity, as previous work on subtypes has mainly concentrated on hemorrhagic stroke subtypes (intracerebral, subarachnoid) and their relationship with physical activity [6, 7] . In previous work from the Atherosclerosis Risk in Communities (ARIC) Study, some risk factors varied by ischemic stroke subtype [12] , and physical activity was weakly associated with total ischemic stroke risk [10] . The role of physical activity on risk of stroke subtypes was not evaluated in that study, due to insufficient number of cases at that time.
In the present study, we sought to clarify in detail the relationship between physical activity and stroke subtypes in a large prospective cohort of men and women aged 45-64 years at baseline participating in the ARIC Study.
Methods

Study Population
The ARIC Study is a prospective population-based cohort study comprising 15,792 adults aged 45-64 years at recruitment in 1987-1989 [13] . Cohort participants were selected from four US communities: Forsyth County, N.C.; Jackson, Miss.; Minneapolis, Minn., and Washington County, Md. Participants completed the first exam between 1987 and 1989. Baseline data served as a basis for the present study, and participants were followed up through 2007 via annual telephone interviews. The study was approved by the institutional review board of the University of North Carolina as well as the other study centers and all participants provided informed consent.
Physical Activity Measurements
Physical activity was assessed at the baseline exam through an interviewer-administered Baecke questionnaire [14] . Minor modifications to the original version of the Baecke questionnaire were made as detailed elsewhere [15] and are only briefly described here. On the baseline survey, participants were asked to report the amount of physical activity performed during leisure and sport. The participants' indications allowed the calculation of sport and leisure Baecke score ranging from 1 (low) to 5 (high). Leisure activities were assessed through 4 questions on walking, biking, television viewing and time spent commuting (walking/biking) to and from work or shopping. The sport score was based on 3 questions regarding the frequency of overall sport and exercise participation, and frequency of sweating. In addition, a fourth element on frequency, intensity and duration of up to 4 sport activities also contributed to the score. Furthermore, based on the guidelines of the compendium of physical activities [16] , minutes per week of moderate or vigorous exercise were calculated from the Baecke sport questions, incorporating the number of months an individual engaged in the activity annually. The validity and reliability of the Baecke questionnaire has been reported elsewhere [17] .
In order to determine the difference between participants who reached the necessary minimum of physical activity and those who did not, minutes per week of exercise were classified according to the American Heart Association's ideal cardiovascular health guidelines for adults aged 20 years and above [18] . (1) Poor physical activity was defined as 0 min/week of moderate or vigorous exercise. (2) Intermediate physical activity was defined as 1-149 min/week of moderate intensity or 1-74 min/week of vigorous intensity or 1-149 min/week of moderate and vigorous intensity. (3) Ideal physical activity was defined as 6 150 min/week of moderate intensity or 6 75 min/week of vigorous intensity or 6 150 min/week of moderate and vigorous intensity.
Ascertainment of Stroke Events
Through annual phone interviews, follow-up examinations, surveillance of hospital discharges, and deaths in the ARIC communities, hospitalized stroke events and out-of-hospital fatal strokes among ARIC cohort participants were identified [13] . For the present analysis, hospitalized stroke events which occurred between baseline measurements (visit 1) and December 31, 2007 were included.
Evidence of stroke was ascertained via hospital reports if the discharge diagnosis contained a cerebrovascular disease code (International Classification of Diseases, 9th Revision codes 430-438), if a cerebrovascular procedure was noted in the discharge summary, or if the computed tomography (CT) or magnetic resonance imaging (MRI) report showed evidence of cerebrovascular disease. Medical records for potential stroke events were then sent to a central ARIC office for abstraction by a single nurse. Each record was abstracted for number, type, and severity of neurological deficits and supporting angiographic, CT, MRI, spinal tap, or autopsy evidence. Each suspected stroke event was classified by National Survey of Stroke criteria using a computer algorithm as well as a physician reviewer [19] . When the algorithm and physician review disagreed, another physician reviewer was consulted as an adjudicator. Quality assurance for ascertainment and classification of stroke are described in detail elsewhere [20] . In brief, a subclassification of definite or probable hospitalized ischemic (cardioembolic or thrombotic), or hemorrhagic stroke was used based on the level of certainty assessed through neuroimaging studies and autopsy, when available.
If a CT or MRI revealed acute brain infarction or showed no evidence of hemorrhage, a stroke was categorized as ischemic. Us-ing neuroimaging results, subcategories of all definite ischemic strokes (lacunar, cardioembolic, nonlacunar thrombotic) were determined [12, 20] .
Covariates
Information on risk factors was obtained through standardized questionnaires, clinical examination, and laboratory measurements. Cigarette-years of smoking was defined as the average number of cigarettes per day times the number of years smoked. Educational level was dichotomized into high ( 1 high school) and low education ( ^ high school). Body mass index was calculated as measured weight in kilograms divided by height in meters squared. The ratio of waist and hip circumferences was also calculated as a measure of fat distribution. Three successive measurements of systolic and diastolic blood pressure were taken using a random-zero sphygmomanometer after a 5-min rest. For the present analysis, the average of the two last measurements was used. Antihypertensive medication use was defined as having taken hypertension-lowering medication in the past 2 weeks. Prevalent diabetes was defined as nonfasting glucose level 6 200 mg/dl, fasting glucose level 6 126 mg/dl, medication treatment for or history of diabetes. Left ventricular hypertrophy was determined by Cornell voltage criteria, after a 12-lead electrocardiography tracing had been obtained [21] . Blood levels of high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, lipoprotein(a), fibrinogen and von Willebrand factor, and white blood cell count were measured centrally by standard methods [22] . Prevalent coronary heart disease and stroke, for exclusion, was defined as one of the following: self-report of physician-diagnosed myocardial infarction or stroke, prior myocardial infarction by electrocardiography, or having had coronary revascularization surgery.
Statistical Analyses
Due to small numbers, we excluded participants who were not African-American or white (n = 48) and African-Americans from Minneapolis (n = 22) or Washington County (n = 33). Participants with missing data on physical activity or any of the covariates, as well as participants with a positive history of stroke or CHD were sequentially removed from the dataset (n = 2,620). The final analysis cohort consisted of 13,069 ARIC participants.
General linear and logistic regression models were used to assess trends across physical activity quartiles of baseline risk factors for continuous and categorical variables, respectively. Multivariate Cox proportional hazards models were used to compute hazard ratios (HR) and 95% confidence intervals (CI) for the association between incident stroke types with physical activity categories. Three Cox regression models with the following covariates were evaluated: (1) basic adjusted model (adjusted for age, sex, and race-center), (2) partially adjusted model (additional adjustment for educational level and cigarette-years), and (3) fully adjusted model [additionally adjusted for waist-to-hip ratio, systolic blood pressure, antihypertensive medication use, diabetes, left ventricular hypertrophy, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, lipoprotein(a), fibrinogen, von Willebrand factor, and white blood cell count]. In addition, sex-and race-specific analyses were performed. p for trend was calculated by including the physical activity variable in the model as a continuous variable. SAS version 9.2 (SAS Institute, Inc., Cary, N.C., USA) was used to perform all analyses.
Results
Over a median follow-up of 18.8 years, 648 incident ischemic strokes occurred. Of those, 144 were lacunar, 150 were cardioembolic, and 354 were nonlacunar. Generally, participants in the higher sport quartiles had higher education, lower body mass index, and were less prone to chronic conditions such as diabetes or left ventricular hypertrophy compared to those in the lower quartiles of sport scores ( table 1 ) . Laboratory measures consistently declined with increasing sport quartiles except for highdensity and low-density lipoprotein cholesterol. Compared to participants not having suffered from a stroke event, mean sport scores were lower in any stroke type (data not shown). The lowest mean baseline score was found in participants who subsequently suffered a hemorrhagic stroke (2.32).
As shown in table 2 , the incidence rate per 1,000 person-years was lowest in the ideal physical activity category for total and total ischemic stroke.
Significant risk reductions in total and total ischemic stroke were observed with increasing physical activity level in both the basic adjusted model and the partially adjusted model (p for trend ! 0.05). In the partially adjusted model, HR (95% CI) for the highest versus the lowest physical activity category for total and total ischemic stroke were 0.78 (0.62-0.97) and 0.76 (0.59-0.96), respectively. Sex-specific analyses revealed that this association was much stronger in men, and that no significant relation between physical activity and neither total nor total ischemic stroke could be observed for women. In the fully adjusted model, additional adjustments were performed for variables that were likely biological intermediates, such as systolic blood pressure or lipids. We observed an attenuation towards the null for the total analytical sample; however, among men, the association between physical activity and total stroke remained significant, even in the fully adjusted model.
A slightly different pattern is shown in table 3 for the ischemic stroke subtypes. In the basic adjusted model and the partially adjusted model, only nonlacunar stroke was significantly associated with physical activity in the total sample and among men. Compared to the reference group poor activity in the partially adjusted model, an HR of 0.71 (0.51-0.99) was observed for ideal activity in the total sample. However, in the fully adjusted model, no inverse relationship between physical activity and any of the ischemic stroke subtypes could be observed.
In an additional subanalysis, we performed race-specific analysis. The beneficial effects of higher physical ac-tivity levels in model 2 are predominantly observed among African-Americans for total, total ischemic, and nonlacunar stroke, whereas no significant relations were observed for Caucasians (online suppl. table S1 and S2; for all online supplementary material, see www. karger.com/doi/10.1159/000342151).
Examining the effect of quartiles of sport and leisure scores on stroke and its subtypes in the total sample revealed a weaker association, but a trend in risk reductions across sport quartiles for total, total ischemic stroke, and nonlacunar stroke was generally still observed (online suppl. table S3 and S4).
Discussion
In this prospective cohort study, we found that physical activity was inversely associated with ischemic stroke and some subtypes among middle-aged men and women. The observed inverse associations between physical activity and total, total ischemic, and nonlacunar stroke in both the basic adjusted and the partially adjusted model were no longer statistically significant in the fully adjusted models, that accounted for potential intermediates. The observed associations were stronger in men and in African-Americans. In addition, we found that the overall effect of physical activity is consistent across stroke subtypes.
Evidence in the literature as to the role of physical activity in stroke risk is mixed. Three meta-analyses have shown relatively clear inverse associations between physical activity and stroke risk [3] [4] [5] , while other studies have not [10, 11] . Our results are generally in accordance with previous work supporting a beneficial effect from physical activity by revealing a significant trend towards lower stroke risk with higher levels of physical activity. In particular, our results are very similar to recent data from the Northern Manhattan Study, in which moderate to heavy physical activity was found to be associated with ischemic stroke risk in men among 238 ischemic stroke cases during 9.1 years of follow-up [9] . In the Women's Health Study, a relationship of borderline significance was found between leisure physical activity and total as well as total ischemic stroke in women [23] . Likewise, in the Nurses' Health Study, quintiles of leisure physical activity were significantly associated with lower risks of total and ischemic stroke, but not hemorrhagic stroke, after multivariable adjustments and during 8 years of follow-up [6] . However, we did not find an inverse association between physical activity and stroke among women. d Adjusted for age, sex, race-field center, cigarette-years, educational level, waist-to-hip ratio, systolic blood pressure, antihypertensive medication use, diabetes, left ventricular hypertrophy, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, lipoprotein(a), fibrinogen, van Willebrand factor and white blood cell count. e Not adjusted for sex. With almost a decade of longer follow-up time and more stroke cases, we were able to evaluate the role of physical activity on risk of ischemic stroke subtypes to better specify the relationship to physical activity. Indeed, previous work has examined hemorrhagic stroke subtypes and reported significant associations between leisure activities and both subarachnoid and intracerebral stroke [7] . But, to our knowledge, no study has specifically examined the impact of physical activity on ischemic stroke subtypes. In other ARIC studies on ischemic stroke subtypes, it has been shown that the impact of traditional and novel risk factors of stroke as well as carotid artery wall thickness [24] may vary between lacunar, cardioembolic and nonlacunar thrombotic stroke [12] . Obesity measures such as body mass index and waist-to-hip ratio were positively related with all three investigated ischemic stroke subtypes [25] . As to the results of our study, the impact of physical activity did not vary according to ischemic stroke subtypes. Our data suggest that the somewhat inconsistent findings on the association between physical activity and stroke risk in the literature may not be due to differences in varying proportion of stroke subtypes across studies.
A possible explanation for a similar association across ischemic stroke subtypes is that factors such as vascular risk factors play a key role in explaining the reduced risk of all investigated stroke types, as physical activity is commonly known to lower risk of atherosclerosis and thrombosis [26] . It is therefore challenging to isolate the single effect of physical activity, and the possibility that physical activity acts through those risk factors is plausible. Indeed, the results of our baseline characteristics depict that physical activity is significantly associated with many risk factors for stroke. These results along with the continuous attenuation of the inverse association of physical activity and stroke subtypes between the basic adjusted, partially adjusted as well as fully adjusted model support this assumption.
The strengths of our study include a long follow-up time and the separate analysis of ischemic stroke subtypes. Only very few studies have looked at ischemic stroke subtypes as outcome [12, 24, 25] , but have not reported on physical activity as an exposure variable so far. In addition, ARIC is a well-characterized cohort with good comprehensive analyses through annual phone contact and surveillance of community hospitals. However, several limitations need to be considered. First, physical activity measures were based on self-report, which may have led to reporting bias and misclassification. Second, although stroke subtypes were carefully evaluated through neuroimaging studies and clinical features [20] , misclassification in some cases may have occurred and an over-or underestimation of the association between physical activity and stroke subtypes cannot be fully ruled out. Third, the number of cases for each ischemic stroke subtype was relatively small. Fourth, although physical activity information was collected before the occurrence of stroke events, there may be individuals who had modified their exercise habit because of their health status, which might have distorted the true association.
In conclusion, our work supports the body of evidence concerning a tendency towards a decreased risk of stroke associated with higher physical activity levels. The present study also provides novel information on the role of physical activity and risk of ischemic stroke subtypes. With nonlacunar stroke being the major ischemic stroke subtype, increasing the number of people meeting the American Heart Association's goal for ideal and intermediate physical activity criteria may help reduce the stroke burden in the American population through improvement in the known mediators. However, further large cohort studies are needed to verify these results before they can be incorporated into specific practical advice for the general population.
